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I. Basis of the report 

1 . With regard to the elements of the international application (Replacement sheets which have been furnished to 
the receiving Office in response to an invitation under Article 14 are referred to in this report as "originally filed" 
and are not annexed to this report since they do not contain amendments (Rules 70. 16 and 70. 17)): 
Description, pages: 

424 as originally filed 



2. With regard to the language, all the elements marked above were available or furnished to this Authority in the 
language in which the international application was filed, unless otherwise indicated under this item. 

These elements were available or furnished to this Authority in the following language: , which is: 

□ the language of a translation furnished for the purposes of the international search (under Rule 23.1 (b)). 

□ the language of publication of the international application (under Rule 48.3(b)). 

□ the language of a translation furnished for the purposes of international preliminary examination (under Rule 
55.2 and/or 55.3). 

3. With regard to any nucleotide and/or amino acid sequence disclosed in the international application, the 
international preliminary examination was carried out on the basis of the sequence listing: 

□ contained in the international application in written form. 

□ filed together with the international application in computer readable form. 

□ furnished subsequently to this Authority in written form. 

□ furnished subsequently to this Authority in computer readable form. 

□ The statement that the subsequently furnished written sequence listing does not go beyond the disclosure in 
the international application as filed has been furnished. 

□ The statement that the information recorded in computer readable form is identical to the written sequence 
listing has been furnished. 

4. The amendments have resulted in the cancellation of: 

□ the description, pages: 

□ the claims, Nos.: 

□ the drawings, sheets: 

5. □ This report has been established as if (some of) the amendments had not been made, since they have been 

considered to go beyond the disclosure as filed (Rule 70.2(c)): 



Claims, No.: 



1-12 



as originally filed 
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(Any replacement sheet containing such amendments must be referred to under item 1 and annexed to this 
report.) 



6. Additional observations, if necessary: 



III. Non-establishment of opinion with regard to novelty, inventive step and industrial applicability 

1 . The questions whether the claimed invention appears to be novel, to involve an inventive step (to be non- 
obvious), or to be industrially applicable have not been examined in respect of: 

□ the entire international application. 

H claims Nos. 12 as to industrial applicability. 



because: 

the said international application, or the said claims Nos. 12 as to industrial applicability relate to the following 
subject matter which does not require an international preliminary examination (specify): 
see separate sheet 

□ the description, claims or drawings (indicate particular elements beloW) or said claims Nos. are so unclear 
that no meaningful opinion could be formed (specify): 



□ the claims, or said claims Nos. are so inadequately supported by the description that no meaningful opinion 
could be formed. 

□ no international search report has been established for the said claims Nos. . 

2. A meaningful international preliminary examination cannot be carried out due to the failure of the nucleotide 
and/or amino acid sequence listing to comply with the standard provided for in Annex C of the Administrative 
Instructions: 

□ the written form has not been furnished or does not comply with the standard. 

□ the computer readable form has not been furnished or does not comply with the standard. 



V. Reasoned statement under Article 35(2) with regard to novelty, inventive step or industrial applicability; 
citations and explanations supporting such statement 

1. Statement 



Novelty (N) Yes: Claims 1-12 

No: Claims 

Inventive step (IS) Yes: Claims 

No: Claims 1-12 

Industrial applicability (IA) Yes: Claims 1-1 1 
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No: 



Claims 



2. Citations and explanations 
see separate sheet 



VIII. Certain observations on the international application 

The following observations on the clarity of the claims, description, and drawings or on the question whether the 
claims are fully supported by the description, are made: 
see separate sheet 
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Re Item III 

Non-establishment of opinion with regard to novelty, inventive step and industrial 
applicability 

Claims 12 relates to subject-matter considered by this Authority to be covered by the 
provisions of Rule 67.1(iv) PCT. Consequently, no opinion will be formulated with 
respect to the industrial applicability of the subject-matter of these claims (Article 
34(4)(a)(i) PCT). 

Re Item V 

Reasoned statement under Rule 66.2(a)(ii) with regard to novelty, inventive step or 
industrial applicability; citations and explanations supporting such statement 

Reference is made to the following documents: 

D1:EP-A-0644199 
D2:EP-A-0535959 

D3Bioorg.Med.Chem.Lett., Vol.5, NO.20, 1995, 2357-2362 
D4:WO-A-9611210 

I. NOVELTY 

In view of the available prior art the claims 1-12 are considered to be novel under 
Art.33(2) PCT. 

II. INVENTIVE STEP 

1) The closest prior art is considered to be D1, disclosing cyclic hexapeptides of the 
present type having antimicrobial activity. 

2) The compounds of the application essentially only differ from this prior art in the 
presence of a (substituted) [SPEC0803]-hydroxy-ornithine residue as substitute for the 
(substituted) [SPEC0803]-hydroxy-glutamine residue. These compounds appear to 
exhibit an activity similar to the prior art compounds. 

3) The problem to be solved may therefore be considered to be the provision of 
alternative cyclohexapeptides having antimicrobial activity. 

4) However D2 and D3, which documents relate to the same type of compounds with 
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the same activity as the compounds of the application and D1 , already disclosed the 
substitution of the [SPEC0803]-hydroxy-glutamine residue by a [SPEC0803]-hydroxy- 
ornithine residue. Having regard to the table on page 3 of D2 and the comparative data 
in the tables 1 and 2 of D3 it is considered that there is a relatively large freedom in the 
substitution pattern without a detrimental effect on the activity. 
The examiner is therefore of the opinion that the introduction of the [SPEC0803]- 
hydroxy-ornithine residue in the compounds of D1 is merely based on a selection out of 
several possibilities from which a skilled person would select, without the exercise of 
inventive skill, in order to solve the problem posed. 

5) Furthermore the present claims allow a plethora of substituents on the amino group 
of the [SPEC0803]-hydroxy-ornithine residue and as sidechain, N-terminally connected 
to the [SPEC0807]- hydroxy-ornithine residue. 

However many of said substituents have already been disclosed in D1 and, as regards 
the N-terminally connected sidechain, D4 (e.g., see examples 1-124). Their application 
in the present compounds is therefore also considered to be within the normal skill of 
an artisan. 

6) Therefore in order to acknowledge an inventive step to the present compounds, they 
should exhibit unexpected advantageous properties compared to the prior art 
compounds of D1 . However said properties have neither been posed by the application 
nor have they become plausible otherwise. 

5)Consequently the claims 1-12 are considered to lack an inventive step under 
Art.33(3) PCT. 

For the assessment of the present claims 10-12 on the question whether they are 
industrially applicable, no unified criteria exist in the PCT Contracting States. The 
patentability can also be dependent upon the formulation of the claims. The EPO, for 
example, does not recognize as industrially applicable the subject-matter of claims to 
the use of a compound in medical treatment, but may allow, however, claims to a 
known compound for first use in medical treatment and the use of such a compound for 
the manufacture of a medicament for a new medical treatment. 
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Re Item VIII 

Certain observations on the international application 

1) An independent claim should clearly specify all of the essential features needed to 
define the invention PCT Guidelines C-lll,4.1-4.7a). The present claims 1,2 and 5 
contain expressions like "lower alkyl", "acyl group u "heterocyclic group" all facultatively 
containing one or more "suitable substituent(s)", rendering the scope of said claims 
unclear under Art.6 PCT. It is true that under circumstances such expressions can be 
acceptable in product claims, e.g. in definitions of non-essential features like protecting 
groups. However in the present case said expressions are also used to define 
structural features that are considered to be characteristic for the present compounds. 
Consequently the claims 1 ,2 and 5 are considered not to fulfil the requirements of Art.6 
PCT. 

2) The examples 22,41 ,43,44,87,99,100 and 126 are not encompassed by the claims. 
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Abstract: Selective methanolvsis or dehydration followed by reduction of the 3-hydroxyglutamine residue ot 
pneumocandin B 0 (D or its dideoxy analog 5 (L-692.289) gave the methyl 3-hydroxyglutamaie and 3-hydroxy- 
ornithine analogs 6 and 9, respectively. Further derealization of these analogs allowed a study ot the SAR at 
this position. In general, carboxylic acid-containing derivatives were poorer antifungal agents than neutral 
derivatives while amine-bearing analogs displayed the greatest potency . 



Introduction 

The incidence of serious fungal infection has steadily grown over the last two decades despite the 
introduction of a number of new agents. Immunosuppression from AIDS, anticancer therapy, the use of broad 
spectrum antibiotics and chemotherapy in organ transplantation accounts for this growing trend. 1 The majority 
of life-threatening fungal infections are caused by opportunistic pathogens such as Candida spp.. Aspergillus 
spp.. Pneumocystis carina and Crvptococcus ncoformansr Currently available antifungal agents sutler 
drawbacks due to toxicity - static rather than cidal actmt> or inadequate spectrum. In addition, in some cases 
the selection of resistant organisms has been seen as the usage of these agents has increased." Therefore, there 
is a considerable need tor the development of new antifungal agents with improved properties. 
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The pneumocandins belong to a class of closely related fungicidal lipopeptides isolated from the fungus 
Zalerion arbor icola.* Like the structurally-related echinocandins. these compounds inhibit the synthesis of p- 
1, 3-glucan. an essential component of the fungal cell wall that is absent in mammalian cells. Thus, the 
inhibition of P-l .3-glucan synthesis represents a rungal-specific, potentially non-toxic target. Pneumocandin B 0 
(1). a cyclic hexapeptide possessing a 10,12-dimethylmyristoyl side chain, has provided an important platform 
for the synthesis of potent fungicidal derivatives. Recently, Bouffard, et al. have described several cationic 
derivatives of I. 5 L-705,589 (2), L-731,373 (3), and L-733.560 (4) are potent inhibitors of P-l, 3-glucan 
synthase with excellent in vitro activity and efficacy in rodent models of disseminated candidiasis, aspergillosis 
and P. carinii pneumonia. 6 Compounds 3 and 4 possess a modified 3-hydroxyglutamine residue (gin— orn). In 
this report, we wish to expand on the structure-activity relationships at the 3-hydroxyglutamine (3-OH gin) 
position. 

Biological Assays 

I he p-l .3-giucan synthase inhibition assay was conducted using a crude membrane system derived from 
C albicans (MY 1208) as previously described. 7 An IC 50 {yiM) was determined and refers to the concentration 
of drug required to inhibit the production of 50% of the insoluble glucan compared to the control. 

Fungicidal activity was determined against a panel of Candida spp., and Cryptococcus neoformans (in 
duplicate). 63 The MFC or minimum fungicidal concentration is defined as the concentration of drug (ug/mL) 
that inhibits regrowth of the organism. Compounds showed weak to no activity (32 - >128 ug/mL) against C. 
neoformans. Data are presented for ( *. albicans and the inherently more resistant C parapsilosis. 

The in vivo anti-Candida activity was determined in a mouse model of disseminated candidiasis 
(TOKA). 8 Mice <n=5) were infected I.V. with a 50% lethal dose off albicans (MY 1055) and dosed LP. BID 
tor 4 days with drug. On day 7 post-infection, the kidney burden was quantitated and an effective dose 
(mg/kg'dose) for at least 99.9% reduction in colony forming units (CPUs) as compared to control animals was 
determined (ED yg ^>. 

C hem is try 

The 3-OH gin residue was envisioned to undergo selective hydrolysis to a 3-OH glu or selective 
reduction to a 3-OH orn. Since 1 is unstable at low and high p!l. u we first investigated the chemistry of the 
stable dideoxy-analog. L-692.289 (5) .'" Selective hydrolysis was accomplished by acid-catalyzed methanolysis 
to give 6" followed by basic hydrolysis of the methvl ester to gi\c 7. | he selective dehydration of the primary 
amide of 5 afforded nitrile 8 which was reduced to the 3-Ot 1 jnalug 9 using in situ-generated cobalt boride 
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and sodium borohydride in methanol 12 (Scheme 1 h With these key intermediates available, the preparation of 
compounds 10-16 could be accomplished (see Table ! ). 

The hydroxamic add 10 and hydra/ide 11 were prepared by treatment of ester 6 with either 
hydroxylaminc hydrochloride and aqueous sodium hydroxide in methanol or hydrazine in methanol in 35% and 
78% yields, respectively. Carboxylic acid 7 was obtained as a by-product in the formation of 10 in 20% yield. 
The reduction of ester 6 to the carbinol 12 was accomplished with 4 molar equivalents of UBH 4 in isopropanol 
in 20% yield. The relatively lipophilic thioamide 13 was obtained from nitrile 8 by treatment with hydrogen 
sulfide gas in a mixture of dieihylamine (1.3) at 60 ^ in 35% yield. Amides 14 and 15 were prepared 

from acid 7 and the corresponding amine employing 1 -i .3-dinicthylaminopropyl)-3-ethylcarbodiimidc 
hydrochloride and 1 -hydroxybenzotria/ole in 1)\1F in 44% and 69% yields, respectively. Hydrolysis of methyl 
ester 15 gave the earboxylic acid 16. The cationic products were isolated as their FT A salts. 

Scheme 1. Selective Hydrolysis or Reduction of the 3-Hydroxyglutamine Residue of 5 
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(a) CSA. MeOH. 45 X y2W<>). ih) 2N NaOH uk|>. MeOH <bt> 0 *o; • cyanurie chloride. DMF. (65°b); id) CoCf«6H.O. NaBH 4 , 

MeOH (50%) 

Attempted methanolysis of 1 was unsuccessful leading to soivolysis of the C-5 ornithine and C-4 
homotyrosine hydrox>l groups. The selective dehydration of the glutamtne residue could be accomplished to 
give nitrile 1 7 (see Table 2) b> carefully controlling the cyanuric chloride stoichiometry. reaction time and 
temperature as previously described/ 1 he crude product was reduced with cobalt (II) chloride and sodium 
borohydride in methanol to give an overall 44% yield of the primary amine 3 Compound 3 was acy luted with 
acetic anhydride and diisopropylethy lamine in DMF to give 18 in 85% yield. Alkylation of 3 with excess 
bromoacetonitrile gave the dialkylated adduct 19 in 44% yield with none of the quaternary analog detected. 
Synthesis of the methyiammo analog 20 first required reductive alkylation to the N-benzyl adduct (Structure B, 
R - -CH : NHCH:C\M^) using benzaldehyde and sodium cy anoborohydridc in DMF containing 1% acetic acid 
(49% yield). Next, methyhuion with 37% formaldehyde and sodium cy anoborohydridc in aqueous acetonitrile 
gave the N-meihyUN-ben/y 1 adduct in 72% yield. Hydrogenolysis of the benzyl group under 1 atm of H 2 with 
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10% Pd-C as catalyst gave 20 in 84% yield. The N.N-dimethyl adduct 21 was obtained by treatment of 3 with 
37% formaldehyde and sodium cyanoboro hydride in aqueous acetonitrile. The quaternary ammonium analog 
22 was obtained by treatment of 21 with excess Mel in DMF. The guanidine analog 23 was prepared from 3 by 
treatment with formamidinesul funic acid' 4 in the presence of Hunigs base in 46% yield. Satisfactory 400 MHz 



preparative reverse phase HPl.C (CX or CT 8 ZURBAX. acetonitrile-water-0. 1 % TFA) and were >92% pure by 
analytical HPLC (/.-2I0 nm). 



The in vitro and in vivo anti-Candida activ ities of pneumocandin Bo (1) and its dideoxy-analog 5 are 
quite similar allowing a valid comparison between derivatives of either of these compounds. Indeed, nitrile 
analogs 8 and 17 and amine analogs 9 and 3 also display similar activities (see Tables I and 2). Thus, the SAR 



The P-K3-glucan synthase enzyme assay is a crude membrane preparation where the cell wall has been 
digested and the disrupted plasma membrane and its components have been separated by centrifugation. Thus, 
it is not a pure enzyme and contains lipids and other materials that may influence the "activity'* of a compound 
based on the compound's physicoehemical properties. With this in mind, several general structure-activity 
relationships were apparent from the enzyme inhibition data. Neutral groups at the 3-OH gin position, whether 
polar (I. 5. 10, 11 and 12} or lipophilic (6, 8, 13, 15 and 17). possessed similar activity. Compounds possessing 
a carboxylic acid substituent (7 and 16) were poorer inhibitors than the neutral analogs. With the amine analogs, 
a substantial increase in potency was noted that roughly correlated with the basicity of the amine. The basic 
analogs 3, 9, 14. 20, 21, 22 and 23 had significantly lower IC ?0 s than 1 or 5 but the non-basic amine analog 19 
was substantially less active especially when compared to 21. Alky] substitution of the amine had little 
influence on enzyme activity (3. 20. 21 and 22). The acetamide derivative 18 was a fourfold poorer inhibitor 
than 1 suggesting that a carbonyl group is unfavorable in this position. Nonetheless, the isosteric and basic 
guanidine analog 23 showed a tenfold increase in activity relative to 1 and at least a 28- fold increase compared 
to 18. highlighting the positive influence of a basic substituent at that position. 

The in vitro fungicidal activity (MFC) of the compounds against two different Candida species is shown 
in fables I and 2. The C. albicans (MY 1055) is a clinical isolate and is the organism used in the in vivo 
TOKA model. I he C. parapsitosis (MY 1010) is a species that is inherently more resistant to the lipopeptides. 
Although the MFCs did not correlate completelv with glucan synthase inhibition, several of the amine analogs 
(3, 22 and 23) displayed potent activitv against both Candida species. The monomethyl and dimethylamino 
analogs 20 and 21 were less potent against the whole organism even though they were potent enzyme inhibitors. 



H-N 



MR spectra (COiOD) and FAB- MS were obtained for all compounds. Final compounds were purified by 



Results 



from series A can be assumed to parallel that from series B. 
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I he in vivo ac t i \ 1 1> eon-elated well with the glucan synthase assay. The 3-OH orn analog of 
pneumoeandin B,, 3 was fourfold more potent than the corresponding dideoxy-analog 9. Compound 3 and its 
irimethylammonium derivative 22 were the most potent compounds tested. Similar to the MFC assay, the 
monomeihyl and dimethyl analogs were approximate^ two- to fourfold less potent. 

In summary, caiionic substituents at the 3-OH gin position of the pneumocandins significantly increased 
the enzyme, whole cell aetivitv and in vivo potenc> of this elass of compounds. Anionic groups, such as 
carboxylaie. decreased the activity of analogs while neutral groups generally had little effect on activity. 
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